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CONDITiON OF LONGITUDINAL STEEL IN
ILLINOIS CONTINUQUSLY REINFORCED CONCRETE PAVEMENIS
INTRODUCTION

Corrosion of the longitudinal steel reinforcement at transverse cracks in
continuously reinforced concrete (CRC) pavements is récognized_as a poténtial-
sgurce of earlj Aeterioratioﬁ that conceivably could reduce the service life ofﬂ
pavements. This study was undertaken to determine Whether any corrosion that
might reduce the serviceability of the longitudinal steel of CRC pavements, or
that might indicate an undesirable progression tﬁat would later become harmful,
is prééent in existing typical pavements in Illinbis. Se;ondary study objectiveé
also were_establishéd to evaluate the relationship that might exisp between cor-
rosion and knowp parameters influencing corrosion and pavement behavior, and to
detefmine the degree of intrusion of foreign matter inte transverse cracks.

This report describes the procedures used to investigate the corrosion of
steel at transverse cracks in various CRC pavements throughout the State, and
presents.the findings of this investigation.

- In 1961, the Illinois Department of Transportation began an intensive

study of CRC pavements in cooperation with the Federal Highway Administr;tion.

The study included construction of several experiﬁental sections of CRC pavements
throughout the State to determine the significant relationships that exist between
pavement behavior and certain design‘vériables. Because a growing concern had
develbpéd as to the possible detrimental effects of steel corrosion on the struc-
ﬁural behavior of CRC pavements, a decision was made to investigate the condition
of the reinforcement within existiﬂg CRC pavements to determine thé extent of

corrosion occurring at transverse cracks.



Experience has shown that‘closely spaced transverse cracks develop throughout

most of the length of continuously reinforced pavements and that these cracks

generally remain tight when adequate longitudinal reinforcement is provided. The
primary function of the steel reinforcement is to hold transverse cracks tightly
closed to provide adequate aggregate interlock for maintaining the structural
integrity of thé pavement, aﬁd to reduce infiltration of corfosive salt water

and intrﬁsion of incompressible foreign matter. The Illinois Departmenf of Trans=-
pbrtation‘adopted a bare pavement policy dufing inclement weather conditioms that
has resulted in a large increase in the use of deicing chemicals over the‘past

15 yeafs. The rate of increase is shown in Figure 1. It ﬁas been of much concefn

that this increase in the use of deicing chemicals could cause excessive steel

corrosion at transverse cracks which would greatly reduce the service life of

the pavement.

The use of continuous reinforcement in portland cement céncrete pavements
to eliminate transverse construction joints and open cracks was conceived about
50 yéars ago.' By the time this investigation was implemented, experimental use

of CRC pavements had demonstrated the practicality of this type of.construction,

and CRC pavement had been adopted as standard practice for the construction of

rigid pavéments for the interstate and other majﬁr highways in Illinois.

The oldest continuously reinforced pa&emeﬁt in Illinois was constructed as
an experimentai projecf in 1947-48 on Route US 40 west of Vandalia 1/. The need
to remove a portion of the experimental pavement in 1965 provided an opportunity
fo obgerve closely thelcondition of the steel after 18 vears of service.l Very
slight rusting was commonly found 6n‘the:surface of the reinfqrceﬁent at trans-

verse cracks, but the degree of rusting was considered to be minor. Cores’taken
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from other 1ocatioﬁs within thé pavement in 1967 also showed only a negligible
amount of rusting of the longitudinal reinforcement 2/. |

This report comprises an evaluatiﬁn of 151 cores removed from 12 experimental
pavemgnts constructed throughout the State during 1963-66, and of 23 cores removed
from the old Vandalia test pavement constructed in 1947-48. The findings indicate
that corrésion-oé the steel ;einforcement in adequately designed CRG pavements is
relatively minor, and that corrosion of the steel does not appear to be a potential
problem with pavements designed in accordance with the present criteria. Discolora—
tion indicating infiltration of water.and brine was evident in all cores. Water
and bfine had penetrated even through fine openings normally consideréd hai?line

or tight cracks. The findings, however, indicate no signs of structural distress

attributable to the intrusion of foreign materizal into the cracks.

STUDY DETATLS

A coriﬁg program was undértaken in early 1970 to obtain specimens to réveal
the extent of corrosion occurring within existing CRC pavements and to i&entify the
relationship of certain design and enviropmental factors associated with pavement
behavior that might influence the progression of corrosion., The pavements investi-
gated consisted of (1) the eiperimental pavements current1y under observation, and
(2) the old Vandalia test pavement. The general locaﬁion éf each paveﬁent inecluded
in.this investigation is shown in Figure 2.

Estimates of the total tomnages of salt applied per two-lane mile for these
pavements are included in Table 1. With the exception of test sites 2 ;nd 3, the
average tonnage per two-lane mile per year for rural pavements varied from 4 to 18
tons. Tesé'sites 2 and‘3 are on Chicago Metropolitan expressways, and-eaéh‘received

an average of 72 tons per two~lane mile per year,



District 9

Test Site Number for Experimental
Pavements Constructed 1963-66

0ld vandalia Test Pavement
Constructed 1947-48

Figure 2. .Location of pavements investigated.



TABLE 1

ESTIMATED TONS OF SALT APPLIED TO PAVEMENTS

. Region :
Test Site or Tons per 2-Lane : Years.
Number : District _Mile per Year Applied Total Tons
RN L1 18 6 108
2 . | | 72 | 7 504
3 & 72 6 432
4 2 oo 4 6 25
5 . A 10 o 6 | 60
6 4 0w 5 50
7 | 4 10 A 40
8 4 10 | 4 40
9 5 8 5 | 40
10 | 6 | 4 4 16
11 : 7 ' 7 | 7 49
12 S 9 6 | 5 | 30
13 T 7 21 147

(01d Vandalia)




A total of 151 cores were removed from the experimental pavements now under

observation as part of research study IHR-36. These pavements, consisting of

12 projects located throughout the State, were constructed during 1963-66 to obtain
comprehensive information relative to the behavior and serviceability of‘CRC.pave-
ments. The study includes an evaluatién of various design parameters that were
iﬁcorporéted ihtﬁ the experiﬁental pavements to determine their significénce in‘
relation to pavement behavior and serviceability.

These experimental pavements offeréd an opportunity to study the influence on
steel at cracks of several relevant wvariables at a number of levels. Furthermore,
they héve provided wvaluable research daté historiés that have been aécumulated since
their construction. A listing of the test sites by locétion, with corresponding
expefimental fegtures and number of cores removed from each test section, is given
in Table 2.

The variables included to.investigate the condition of iongitudinal steel are
as follows:

(1) Transverse crack width - at steel level

(2) Depth of reinforcement - 2 in., 3 in., and mid—depth

(3) Transverse crack spacing - 0-1 ft, 4~5 ft, 8—9lft3 12-13 fe, and 15 ft+

ka) éteel type - deformed bars and welded deformed wire fabric

‘(5) Age - 4 to 7 years

(6) Traffic load applications - moderate to heavy

The effect of the pavement thickness, and the type and thickness of the subbase,

.were omitted from the amalysis.

“the project ih-DiStrict 6 (Test‘Sité 10) was instrumented with strain gages and

other devices for an intensive study of a CRC pavement withiﬁione geographic location.

1

This pavement contains most of the design parameters included in the study, and limits

—

these parameters to a common location that minimizes variations due to environment,
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traffic, and construction practice. Experience with various experimental pavements

constructed throughout the State has indicated differences in behavior among the

projects. Furthermore, variations in paveﬁent behavior also have been found within
single projects. For example, localized problems in drainage have greatly influenced
the behavior of the pavement in District 6, Although the performance of this pave-
mént is not cohsidered typic;l, a large part of the coring effort was.concentraﬁed

at this location.

In addition to the experimental pavements, 23 cores were removed from the old
Vandalia test pavement. This pavement ié of special interest from the standpoint
of its' performance history and age. The location and number of coreé remaved from
the pavemeﬁfs are giVen in Table 3.

.Examinatiop of cores taken from the pavement during previous studiés had revealed
only slight to very moderate signs of corrosipm. The Vandalia pavement, constructed
in 1947—48,_has provided much of thé.earlier impetus for the.design and construction
of CRC pavements in Illinois and elsewhere. The traffic and environmental elements
to‘wﬁich the pavement has been exposed are considered typical of conditions now
existing for many major highways, with the exception that this paveﬁent is 22 féet
wide and placed directly on naturdl fine-grained soil.

Sampling Procedure

-Core samples from the experimental pavements were selected on the basis of
crack frequency histograms obtained from crack surveys made during 1968-69. The
crack surveys are made at selected locations copsisting of 500-ft test.segmeﬁts
ﬁithiﬁ each of the expefimental pavements, and are repeated at 2-year intefvals.
Thése‘segmgntslwere established préviously to study the formation and growth of
tréﬂéverse cracks relative to various design features incorporated in ﬁhé;éxperi_
mental pavements; Histograms showing the typical distribution of the spacing

of transverse cracks surveyed during 1968-69 are illustrated in Figure 3. The
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following intervals of crack spacing selected for coring were 1 ft or less,

4 to 5 ft, 8 to 9 ft, 12 to 13 ft, and 15 ft or greater. Duplicate cores were

obtained in test segments containing replicaté crack spacings within the intervals
selected. 1In some areas, however, the sampling was limited because of the absence
of crack spacings repfesentative of the selected space interval.

All.cores-ﬁere taken within the portion of transverse cracks lying in the
outer wheelpath of the traffic lane directly over the longitudinal reinforcement.
The location of the steel reinforcement was determined with the aid of a Pachometer.
The pavement was marked for coring and photographs were taken of the c;acked sup-
facé width of the crack. Each core was identifiea, labeled, and traﬁsported to-
the Physcial Research Laboratory where. slab thickneés, crack width, and steel
depth measﬁrements ﬁere made, Each core was then opened to expose the condition
of the steel reinforcement and the crack interfaces, The results of these observa-
tions and measurements are summarized in Appendix A.

Corrosion Ratings

Durihg the planning of the coring program, a rating system was developed to
evaluate the condition of the reinforcing steel. The criteria used for classifying

the steel reinforcement are as follows:

Rating
1 Clear or free of rust.
2 Slight rust with no appreciable reduction in cross-sectional
area.
3 Moderate rust with no substantial reduction in cross-sectional
area. )
4 Heavy rust with a marked reduction in cross-sectional area.

A typical sample representing each rating is shown in Figure 4. . Among the

four classifications, a rating of "4" is the only corrosive condition indicative



Figure 4,
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Photograph showing typical samples
representing each core rating.



- 15 -

of a marked reducﬁion in the sﬁrength of the steel, and the only one expected

to adversely‘affect pavement performance. For this rating, the rust 1éyer is
generally loose and porous with a marked redu;tion in cross-sectional area that
is visually apparent. Steel rated as I.'l” shows no evidence of corrosion, whereas
steel rated as "2" or "3" indicates a thin layer of localized rust that” is gener-
ally tight and dry Witﬁ possible light pitting, but with no evidence of a marked
reduction in cross-sectional area. Corrpsion associated with classifications
from "1" to "3" is considered minor with no significant effect on the service

1life of the pavement.

EXTENT OF CORROSION ON STEEL, REINFORCEMENT

The distribution of cores representing various degrees of corrosior éf %he
reinforcement contained within the experimental CRC pavements congtructed during
1963-66 is shown in Figure 5, AL the time of coving, the age of the experimental
CRC pavements varied from 4 to 7 years, which repreéents from 20 to 35 percent of
the normal 20-year design period before resurfacing is expected.

Of’the 151 cores removed from the experimental pavements, 74 cores or 49
peréent showed no evidence of corrosion (Ratiﬁg 1), 61 cores or 40 percent indi-
cated only slight rusting (Rating 2), and 13 coreé or 10 percent indicated moderate
rusting (Rgting 3). Only one core or less than one percent was founq-with reinforce-
ment having‘evidence of advanced rusting with a marked nmeduction in cross-sectional
area (Rating 4). |

The oldest CRC pavemeht within the State is the Vandalia teét pavément con-
structed in 1947-48 on Route‘US~4O west qf Vandalia, This pévément served the

two-way Route US 40 traffic until 1967 when the heavy tyaffic was diverted tp a
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newly cdmpleted section of Interstate Route 70. Since 1967, the pavement has
been serving‘only local traffic but is still in excellent condition and.struc-
turally‘capable of serving heavy traffic.

The distributioﬁ of cores relative to the degree of corrosion found on the
reinfﬁrcement within the original pavement is shown in Figure 6. Out of 23 cores
removed from the‘pavemént, 15 cores ér 65 percent indicated sligﬁt rusting (Rating 2)
and the remaining 8 cores or 35 percent iIndicated moderate rusting (Rating 3).
Advanced corrosidn leading to a marked reduction in the cross-sectional area of the

reinforcement was not found for any of the cores removed from the Vandalia pavement.

ANAL?SIS OF EXPERTMENTAL VARTABLES AND STEEL CORROSION

The fbllowing discussion presents an analysis of the data in relation to
certain design variables and service conditions that conceivably could influence
the development of corrosion of reinforcement within CRG pavements. The parameters
included in the analysis are (1) crack width, (2) depth of reinforcement, (3) crack
spacing, (4) type of steel reinforcement, (5) pavement age, and {6) traffic load
applications.
Crack Width

Aside from the environmentél elements, opne of the main factors believed
having a direct influence on the growth of corrosion is cfack width. The width
0of cracks in CRC pavements has been found to vary for the entire depth of the
pavement. Generally, the opening is wider at the surface of the pavement and;
becomes narrower as it approaches the reinforcenent, |

Crack-width measurements most nearly representqtive‘of the crack‘opening
are difficﬁlt to obtain'when readings are-takeﬁ'directly at the pévemenf.surface.

The apparent width is often exaggerated because of abrasion that occurs under
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traffic at the edges. The cdring program provided an opportunity to determine
ﬁhe crack-width gradient of the opeﬁing for the full depth of pavement. However,
these measurements may not represent actual crack widths.as they exist in the
pavement because of the possible disturbance éf the samples when they were removed
from‘theipavement. |

A suﬁmary‘of the éorrosion ratings of the steel reinforcemeﬁt relative to
crack widths measured at the reinforcement is shown in Figure 7. Crack-width
measurements were unobtainable from 43 cores which were broken or disturbed when
removed from the paveﬁénts. Of the remaining 108 cores, 79 cores or 73 percent
had‘craék widths measured at the steel level less than 1/128 inch (méaéured with
& steel scale with i/ﬁé-inch graduations) and 29 cores or 27 percent had crack
widths equal té or greater than 1/128 inch. |

From the group of cores having crack widths less thanm 1/128 inch, 47 cores
or 60 percent contained reinforcement-that was clear or free of rust (Rating 1).
The same group also had 28 specimens or 35 percent indicating slight rusting or
pitting (Ratiﬁg 2) and only 4 sﬁecimens or 5 percent showing moderate pitting
(Rating 3). 7

Of the 29 cores having crack widths equal to or greater than 1/128 inch,
8 specimens or 28 percent had no evidence of rusting (Rating 1), 14 specimens or
48 pércent‘had slight rusting (Rating 2), 6 specimens ox 21 percent had moderate
rusting (Rating 3), and 1 specimen or 3 percent had shown advanced rusting with
a marked reduction in the cross-sectional area (Rating 4). |

fhe findiﬁgs indicéte that crack widths at the‘level of the reinforcement
equal to or greate;‘than 1/128 inch have ‘a greater potential forréteel.rusting

to‘develop_than‘do widths less than 1/128 inch.
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Depth of'Reinforcement

A graph'showing the condition of the steel reinforcement relativelto the
depth of the reinforcement below the pavement surface is presented in Figure 8.
The reinforcement depth is measured from the pavement surface to the centerline
of the. steel. The data used for the énalysis are measured values taken directly
from the coreslaﬁd representkthe actual depth of the reinforcement as it existed
below the pavement surface. The core measurements wWere grouped in 1/2-inch incre-
ments of depth, beginning with a miﬁimum depth of 2 inches. The graph in Figure 8
indicates that the potential for corrosion for depths greater than 2 inches remains
about the same regardless of the depth of the reinforcement.

0f the 151. cores removed from the. experimental pavements, 22 cores were.
broken to the extent that depth measurements couyld not be determined. Of_the
remaining 129 corés, 22 cores were obtained having depths ranging from 2.0 to
2.5 inches. Within this interval, 11 cores or 50 percent contained reinforce-H
ment that Was_clear or free of rust (Rating 1), 8 cores or 36 percent had slight
rusting or pitting (Rating 2), and 3 cores of 14 percent had moderate pitting
(Rating 3). o

Although the differences between the 1/2-inch interﬁals is not appreciable,-
the largegt percentage of cores containing steel specimens showing evidence of
corrésion was found for the majority of 8~inch pavements having depths exceeding
L inches. OFf 24 cores having the depth of reinforcement greater than 4 inéhgs,
10 cores or 42 percent had reinforcement clear or free of rust (Rating 1), another
iO cores or 42 percent had signs df slight rustiﬁg and pitting (Rating 2), and

< . ’

4 cores or 16 percent had moderate pitting (Rating 3){
‘ The‘intérVal with the least percentage of specimens haviﬁg evidence of

corrosion is the group representing the 2.6- to 3.0~inch interval of reinforcement
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depths. Within this interval, 15 cores or 56 percent contained reinforcement

clear or free of rust (Rating 1), 9 or 33 percent had indications of slight

rusting (Rating 2), and 3 cores or 1l percent had moderate rusting (Rating 3).
The single core containing reinforcement with advanced rusting (Rating 4)
fell within the 3.1- to 3.5-inch interval of reinforcement depth.

.

Crack Spacing

The relationship between the condition of the steel reinforcemenﬁ and trans-
verse crack spacing is shown in the graph in Figure 9., Of the intexrvals of cfack
spécing investigated, the 4- to 5-ft interval had the least percentage.of speci-
mens having evidence of cofrosion. The condition ratings of the reinforcement
found for .50 cores representing the 4~ to 5-ff crack spacing interval is coﬁpfised
of Si specimens dr 62 percent clear or free of rust (Rating 1), 16 specimens ox
32 percent slightiy rusted (Rating 2), and 3 specimens or 6 percent moderately
rusted (Rating 3). J

The percent distribution of cores represénting the ratings 1 and 2 for crack
spacing intervals of 0 to 1 ft, 8 to 9 ft, and over 12 ft are nearly equal, with

approximately 42 to 43 percent of the cores having reinforcement clear or free of

rust (Rating 1).

Type of Reinforcement

Figure 10 includes a graph showing the condition of the reinforcement relative
to the type of reinforcement used in the construction of the CRC pavement. Of 82
coreé removed from the pavements reinforced with deformed bars,'43‘specimens or
52 percent were clear or free of rust {(Rating 1), 28 specimens or 34‘pérceﬁt had
slight rusting (Rating 2), and 11 specimens or 14 percent had moderate rusting

(Réting 3). ©Of the 69 cores containing welded deformed wire fébric, 31 sﬁediﬁené

1
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or 45 percent were clear or free of rust (Rating 1), 33 specimens or 48 percent
had slight rusting (Rating 2), 4 specimens or 6 percent had moderate.pitting
(Rating 3), and 1 specimen or 1 percent had advanced rusting, with a marked reduc-

tion in the cross-sectional area (Rating 4y,

Pavemént‘Age

A chart showing tﬁe analysis of the corrosioﬁ data with respect to age is
given in Figure 11,

The corrosion ratings for each yearly increment from 4 to 7 yvears of age
prior tq éofing are presented for the experimental pavements constructgd in
1963—66; The chart indicates that the youngest pavement constructed in 1966,
which was -about 4 yeérs old at the time of coring, had the highest percentage
_of cores showing evidence of corrosion.

0Of 55 cores femoved from the 4-year-old pavements, 22 cores or 40 percent had
steel specimens clear or free of rust (Rating 1), another 22 cores or 40 perce;t
had evidence of slight rusting (Rating 2), 10 cores or 18 percent indicated moderate
ruéting (Rating 3), and 1 core or 2 percent indicated advanced rusting, with a
marked reduction in the cross-sectional area of the reinforcement (Rating 4).

The second highest percentage of cores with corroded reinforcement was found
in the oldest pavement constructed in 1963. Of 45 cores remqved from‘thg 7-year=
cld favemeht, 19 cores or 42 percent were clear or free of rust (Rating 1); 23
cores or 51 percent showed evidence of élight rusting (Rating 2), and 3 cores or
7 percent indicated moderate rusting (Rating 3.

The increment pf pavement age having the largest number of cores clear or
free of rust consisted of the G-yeér—old pavements coﬁstfﬁcted in 1964. OQut of

31 cores;.ZZ cores or Y71 percent had steel specimens clear of free of rust "
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(Rating 1), 7 cores or 23 percent had slight rusting (Rating 2), and 2 cores or
6 percent had moderate rusting (Rating_B).

Traffic Load Applications

A cOmparison of the steel corrosion ratings relative to variable traffic
load conditions is shown in Figure 12.7 On the basis of equivalent 18;000-1b
single~axle loéd;, the traffic carried by each project(pavement gince their con~
struction wés classified from moderate (0.1 to 0.2 million equivalent 18,000-1ﬁ
axle applications) to heavy (1.0 to 5.0 million), which represents pavements in
both rural and metropolitan areas.

Although the group of cores having the least number of steel spécimens with
no evidence of corrosion (Rating 1) represented the intervai having the largest
numbér o£ equivalent 18,000-1b single-axle applications, néarly the same percentagé
of specimens clear or free of rust (Rating 1) was found for the loading iﬁterval
having the least number of applications. H

of 22 cores representing the 1.0 to 5.0 million axle applications, 8 cores
or736 percent dontained steel specimens clear or free of rust (Rating 1), 9 cores
or 41 percent had specimens with evidence of slight rusting (Rating 2), and 5
cores or 23 percent with moderate rusting (Rating 3). |

From é group of 53 cores removed from the pavements exposed to 0.1 to 0.2
million load applications, 20 cores or about 38 percent had steel specimens‘clear
or free of rust (Rating 1), 22 cores or 41 percent hgd evidence of slight rusting
(Rating 2), and 10 cores or 19 percent indicated moderate rusting‘(Ratinng).
fhe same group also contained the single core wiéh a specimen showing a&vaﬁced
rusting with a‘marked reduction in éross-sectionél area (Rating 4).

'_:Thg Claﬁs of eqﬁiﬁaient axle load applications having'tﬁé 1east amo;htkdf

corrosion present was the interval representing 0.3 to 0.5 million axle load
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épplications. From a group of 28 cores, 21 cores or 75 percent had no evidence
of ecorrosion (Rating 1), and 7 cores or 25 percent indicated only slight rusting

(Rating 2).

INFILTRATION OF WATER AND FOREIGN MATTER

Tﬁe crack interface of eéch core was examined to determine the extent .of
méterial accumulation due to progréssive water infiltration and intrusion of
foreign matter. Discoloration of the craék interfaces, indicative of water pene-
tfating through transverse cracks, was evident in all cores with the majority'of
core:ipterfaces revealing a grey or deep red stain. The condition of the crack
faces was classified into two categories: (1) évidence showing only discoloration
of the créck interface due to water and soil stain, and (2) evidence showing dis-
coloration and presence of intrusive fine-grained soil accumulation in the crack
due to progressive infiltration. ;

out of 151 core interfaces inspected, 94 cores or 62 percent were discolered
with a layer of soil stain, of which 58 ceres indicated that the stain héd infil-
trated to the steel depth and 36 cores indicated that the stain had completely
penétrated the full depth of the core. In addition to the discoloration, the
remaining 537 cores or 38 percent contained an accumulation of fine-grained soil.

Although the data revealed that water stains or soil accumulatioﬂs had pene-
trated all cracks to some degree, no significant sign of structural'damage:attribut~
able to the accumulation of the fine-grained soil material was ipdicated. A
significant relationship could not be found between the condition of tﬂe‘craek fage

and other parameters associated with this study.
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DISCUSSION AND SUMMARY

Of the' 151 cores removed at transverse cracks from the 12 experimentai CRC
pavements constructed in 1963-66, the steel in 49'percept of the cores was clear
and f;ee‘of any rust, and only one core, representing less than Qne percént of
the total, had severe rusting, with a marked reduction in cross—;ectionél area
Qf‘the steel. lTEese résults indicate that steel corrosion is not a serious
problem in CRC pavements in Tllinois. On the basis of these observations, the
extent of corrosion existing in the experimental pavements is very minor, with
no appapent‘effect on the structural integrity of the pavements.

" 0f the 23 cores removed from the old Vandalia test pavement, the.steel in
65 percent indicated élight rusting and in 35 percent indicated moderate rusting.
No 1ocations were tested where the steel was completely clear or free of ény
rusting.. Likewisé, no locations were found where severe corrosion of the steel
had taken place. )

The.Vandalia pavement was gonsidered of particularlinterest in this study
in thét it has.already exceeded the normal 20-year design life and has:carried
for more than 19 years the Route US 40 traffic which is typical of relatively
ﬁeavy traffic on rufal major highwayé in Illinois. 1In adﬁition, the design of
the pavement is basically typical of present-day practices, the major difference
being that'thelVandalia pavements were built directly on the soil subgrade father
than on a stabilized subbaée, as is currently being used. The results obtained
from the Vandalia pavement when compared. to those obtained from the newfexperi-
ﬁental pévements suggest that minor rusting of the steel at transverse éraéks
can be expected to develop, but that severe_corrosioﬁ édvérsely affecting steel

Stréngth'andiultimate berformance of the pavement should. not be a. problém. -
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The analysis:of the data relative to design variables and service conditions
that conceivably could inflﬁence the development of corrosion included.ﬁrack
width, depth of‘reinforcemént, crack spacing, type of reinforceﬁent, pavement
age, and traffic load applicatioms. Of these variables, crack width is the oniy
one that appears to have any relationship or influence on corrosion. As indicated
in Figuré 7, &he’steelrin a éreater percentage of the cores exhiﬁited evidences;of
light to:moderate corrosion When the crack width was greater than 1/128 inch.
Corrosion existed in 72 percent of the cores from cracks greater than 1/128 inch
in width as compared to 40 percent from cracks less than 1/128 inch. The.single
core of the 151 obtained during the investigation that showed evideﬁce of sevefe
corrosion (Rating 4) came from a crack width that was greater than 1/128 inch;

For both casés, however, cores were takéﬁ where the steel was completely élear
or‘free‘of any rust. The results:are interpreted as indicating that the potential
for corrosion to develop increases as the width of the crack at the level of séeel
increases. No significant relationsﬁips were found to exist between stegl corrosion
and depth of reinforcement, crack spacing, type of reinforcement, pavement age, or
traffic.

The examinations of the crack interfaces showed discoloration or discoloration
plus the accumulation of soil fines in the crack for all cores. This is cﬁnsidered
indiéative‘of the fact that some water does penetrate transverse cracks in CRC pave-
ment. No evidénCEs of structural distress were found that could be attributable
to the fact that some water does penetrate the fine cracks, and in some caseé soil
_fineslaccumulate. ﬁo signifiqant‘relatianship was found betwegn the cdndition of
the crack,face and fhe condition of the steel., The‘amount éf,wafér that percolates

through the transversd cracks in CRC pavement is believed tofbe_very,minbtj‘ This
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has been borne out in the labofatory where cores removed from the pavements at
. transverse cracks have been subjected to a l-inch head of water. The cores takgn
from typical transverse cracks have never permitted water to fluently‘pass through
the crack. Typically, some dampness at the bottom of the QOreocéurs after extended
periods of time.
o Pavéments.in Illiﬁois feceive,appreciable amounts of deicing salts during
winter maintenance, placing them in an envifonment congidered highly conddcivé
to steel corrosion. This fact, combined with the finding that some waﬁer does get
through the cracks without serious corrosion having developed, suggests that the
trans#érse cracks in adequately performing CRC paﬁement apparently éfe tight enough
to prohibit sufficieﬁt oxygen from getting to the steel to cause a serious corrosion
problém. Also, the infiltration of soll flnes in cracks that are somewhat open at
the surface may be forming a seal to further reduce the amount of air that reaches
‘ .

the steel.

In summary, this study has shown that steel corrosion adversely affecting
paVEﬁent‘Perfofmance is not now a problem in‘CRC pavements in Illinois. While
the study has not provided definitive proof that steel corrosion will not be a
froblem in the future, the resﬁlts from the older Vandalia pavement strongly suggest
that it should not be in CRC pavements constructed in accordance with current

v

Illinois design standards,

REGOMMENDAT IONS

The present findings indicate that steel corrosion advefsely affecting steel

strength and pavement performance is not now a problem_with Illinois CRC pavements

designed .and constructed in accordance with present standards. The results obtained
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from the old Vandalia pavements further indicate that serious steel corrosion

~ should not be a proBlem in the future with adequately performing CRC'paVemeﬁts.

A définite conclusion based on presently available information is considered
premature at this time, hoﬁgver; in light of the age of the'expefiment31 pav§—
ments (4 to 7 years), and the fact that the Vandalia pavement is the only CRC
pavement in Iliinois that naw has a long service life. Thus, it is recommended
that a similar investigation be conducted on the experimental pévementé éftgr.
another 5 to 7 years of service to confirm presént findings.

‘While results of this study show no need for changes in design standards
relatiﬁe to steel corrosion, it appearé advisable to give consideraﬁion to
increasing‘the size of longitudipal reinforcement from No. 5 to No. 6 bars to
furtherrguard against the development of serious corrosion and to provide a
possible reducfioﬁ in constrLction costs. This would reduce the ratio of the
steel surface area to its cross-sectional area, making the steel less susceptigle
to the developﬁeht of serious corrosion. Also, indications are that mill costs

for No. 6 bars are less than those for Nb. 5 bars and the number of bars to be

handled and placed in the field would be reduced, even with some increase in

percent of longitudinal reinforcement above 0.6 percent, which should be reflected

as a saving in comstruction costs.
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